Abstract: Beneficial effects of whole grains of cereals and pseudocereals and their fractions to human physiology are well known and broadly published. Especially secondary metabolites, dominantly from the category of phenolics (or polyphenols), beneficially influence the health physiology and/or prevent disease progress. Within the frame of this study, ten genotypes of four cereals or pseudocereals, respectively, were chosen for their antioxidant activity, determined by 2,2-diphenyl-1-picrylhydrazyl (DPPH), ferric reducing antioxidant power (FRAP) and β-carotene-linoleic acid bleaching model (BCLM) mechanisms. Tested genotypes were selected from primary collection based on their antioxidant activity values, as well as higher level of flavonoids or phenolic acids. The stability of antioxidant properties after thermic, acidic, and basic treatments was evaluated. The oat cultivar Sirene and buckwheat cultivar Bogatýr expressed high level of the antioxidant activity, but they lost it due to all types of treatment. Oppositely, treatments increased antioxidant activities in some samples, especially in oat cultivar Maris Oberon, wheat cultivar Ines and Karolinum, or partially in barley cultivars Kompakt (after basic treatment) and Jubilant (acidic and basic treatments). The lack of the antioxidant activity could be observed due to destruction of the key compounds responsible for the antioxidant effect, whereas the increasing activity could be seen due to release of the aglycons from glycosidic forms after treatment. The stability of antioxidant properties could be a valuable parameter of the raw material for manufacturing special foods with functional properties.
Introduction
Cereal and pseudocereal grains contribute to beneficial effects of food on human physiology, the fact that is known and broadly published (Peterson et al. 2002; Gelmez et al. 2009; Sharma & Singh 2010; Sedej et al. 2011) . Compounds responsible for these effects are polymers, such as proteins, glucans, and hemicellulose, which play a role in prevention of gastrointestinal and immune disorders. However, extractive low-molecular compounds of plants, such as polyphenols and terpenoids are those mainly responsible for biological activities (Liu et al. 2003) . These compounds, dominantly polyphenols (or phenols), beneficially affect the organism to prevent various civilization disease progress (Dykes & Rooney 2007) .
Phenolic acids and flavonoids represent the most frequent polyphenols occurred in whole grains, presented in soluble forms (aglycons, glycosides), but found mainly in insoluble and bounded forms (Piironen et al. 2009 ). Soluble polyphenols can influence the positive effects of food more significantly. Content of these compounds in food is related to their solubility. However, high temperature or changes of pH value during various processing operations can cause a destruction of these compounds, depending on their nature. In general, the antioxidant potential could be determined by different methods, e.g., 2,2-diphenyl-1-picrylhydrazyl (DPPH) -2,2'-azino-bis-3-ethylbenzothiazoline-6-sulphonic acid (ABTS) ability to terminate DPPH radical or in situ formed ABTS radical; ferric reducing antioxidant power (FRAP) -ability to reduce Fe 3+ ions; β-carotenelinoleic acid bleaching model (BCLM) -ability to prevent lipoperoxidation process; thiobarbituric acid (TBA) -photometric determination of malondialde-
hyde as a key of lipoperoxidation product by TBA, and others. Antioxidant properties of cereals or pseudocereals were described in a detail by Stratil et al. (2007) and Ryan et al. (2011) (DPPH and FRAP methods) , Fardet et al. (2008) (ORAC, ABTS, DPPH and FRAP methods), Inglett et al. (2011) and Ragaee et al. (2011) (DPPH method), and many others. The stability of the antioxidant properties influenced by external conditions (e.g. during grain storage or processing) has been published and discussed (Lehner et al. 2008; Sharma et al. 2012) . However, testing this stability by an appropriate model system is available relatively poorly.
The objectives of this study were to analyze the stability of antioxidant properties of cereal and pseudocereal grain extracts and to consider their potential beneficial effect after thermal and acidic/basic treatments.
Material and methods

Material
Following crops of cereals and pseudocereals, interesting for their antioxidant properties, maintained in the Gene bank of the Slovak Republic (Piešťany), were selected for the study:
(1), and Triticum turgidum L. (1). For analysis purpose, seeds were grown during one year on experimental fields of the Plant Production Research Center in Piešťany, Slovakia, under conditions specific for each crop. After maturation, a representative sample of dry seeds of each plant species was stored in closed tubes.
Extraction procedure
One gram of native grains of tested crops was extracted in 25 mL of ethanol (80%, v/v) at laboratory temperature for 24 h in the dark. After filtration and evaporation by rotary vacuum evaporator, the residuum was dissolved in 1 mL of dimethyl sulfoxide (DMSO) and stored under dark conditions at 4
Analytical test Content of total polyphenols was determined photometrically by reaction with Folin-Ciocalteu reagent according to Singleton & Rossi (1965) adapted for a microplate. The amount of 0.1 mL of extract was mixed with 0.1 mL of FolinCiocalteu reagent in microplate wells and absorbance at 765 nm was measured after 5 min incubation at laboratory temperature using the microplate reader MRX (Dynex). The results were expressed as equivalent of gallic acid (GAE) in mg per gram of native grain matter.
The total flavonoid content was determined by the colorimetric method according to Quettier-Deleu et al. (2000) . The amount of 0.1 mL of diluted sample was mixed with 0.02 mL of 5% (w/v) aluminium chloride methanolic solution. After 30 min of incubation at laboratory temperature, the absorbance of the reaction mixture was measured at 405 nm using the microplate reader MRX (Dynex). The results were expressed as equivalent of quercetin (QUE) in mg per gram of native matter of grains.
Antioxidant assays
Determination of the antioxidant activity by the DPPH method (scavenging of DPPH radical) in vitro was carried out by the method of Hatano et al. (1988) with modification for microplate form. Fifty µL of tested extract sample were added into 100 µL of DPPH solution (0.012 g of DPPH dissolved in 100 mL of ethanol, 96%, v/v) and after 5 min the absorbance was measured at 517 nm. Control wells contained ethanol and standard solution of 10 mM butylhydroxyanizol (BHA) in DMSO.
Antioxidant activity was measured by the FRAP method in vitro according to Oyaizu (1986) . One mL of tested extract was added into 2.5 mL of phosphate buffer (pH=6.6) and 2.5 mL of 1% water solution of potassium ferricyanide. Reaction mixture was incubated for 20 min at 50
• C. After cooling, 2.5 mL of 10% trichloroacetic acid (TCA) was added. Fifty µL of reaction mixture was mixed with 50 µL of deionized water and 10 µL of 0.1% ferric chloride solution in the microplate; then the absorbance was measured at 630 nm. Control wells contained pure water and as a standard, 10 mM solution of BHA in DMSO was used.
Beside these two methods developed for hydrophilic conditions, all tested crop grain extracts were subjected to the third method of antioxidant activity determination, i.e. the BCLM method (Jayaprakasha et al. 1971) in vitro. This method quantifies the ability of the sample to prevent lipoperoxidation under lipophilic conditions. Two mg of β-carotene were dissolved in 20 mL of chloroform. Four mL of this solution were added to the evaporation bank with 40 mg of linoleic acid and 400 mg of Tween-40. Chloroform was completely evaporated using rotary vacuum evaporator at 50
• C and a residuum was mixed with 100 mL of deionized water to produce β-carotene linoleate emulsion. Then 230 µL of this emulsion were mixed with 20 µL of tested extract sample in microplate wells. Microplates were incubated at 50
• C for 90 min and the reaction was recorded by measuring the absorbance at 490 nm. Control wells contained pure water and 10 mM solution of BHA in DMSO as a standard.
All the above-mentioned methods of antioxidant activity were carried out to use an endpoint photometric measurement of a dual wavelengths mode by using a microplate reader type MRX (Dynex).
Physical, chemical treatment Thermal stability of prepared cereal extracts was evaluated as repeated antioxidant assay after incubation for 1 h at 80
• C in a water bath. Acidic/basic stability was evaluated as repeated antioxidant assay after incubation for 1 h with the same volume of added 1 M HCl or 1 M NaOH followed by neutralization by 1 M NaOH or 1 M HCl, respectively. The solution factor was implemented in data processing.
Data processing
All primary data were processed by the Excell software from the module package of Microsoft Office, and expressed as residual activity values. Secondary, calculated values of relative percentage were expressed to an antioxidant activity of the standard (10 mM solution of BHA in DMSO) by % rel DPPH, FRAP, BCLM.
Results and discussion
The primary data matrix consists of the antioxidant activities of 133 extracted samples subjected to testing by all the methods used, i.e. DPPH, FRAP, BCLM and total polyphenol and flavonoid contents determined in the previous work. Based on the primary data, the subset of 10 genotypes (4 plant species) with the highest antioxidant activity was selected for the subsequent evaluation. The average content of total polyphenols and flavonoids is given in Fig. 1 . Evident differences were detected in total polyphenol and flavonoid contents between analyzed cereal species on the one side and the buckwheat on the other side. In spite of the fact that content of these compounds is an individual trait of each genotype, the obtained values are more-or-less comparable within oats, barleys, and wheats. Nevertheless both genotypes of buckwheats contain more polyphenols and flavonoids also due to a high content of the well-known flavonoid rutin (Jiang et al. 2007 ), a compound typical and specific for this crop with well documented health beneficial effects. Achieved results are in rough correlation with papers published previously (Quettier-Deleu et al. 2000; Ivanišová et al. 2010 ) and our achieved results (Maliar et al. 2011) .
Based on the primary data, extracts from 10 selected genotypes were tested before the treatment and after simulated thermal, acidic, and basic treatments, respectively. Main goal of these treatments was to obtain the basic information, if the antioxidant activity is a stable property or could to be increased by thermal or acidic/basic treatments for innovative cereal foods. The results are given in Fig. 2a, b . For both treatments, Avena sativa L. cultivars have evident antioxidant activity determined only by DPPH and BCLM methods, higher for cultivar Sirene; all treatments conserving or increasing DPPH antioxidant activity. Interesting is a dramatic lack of the BCLM antioxidant activity for cultivar Sirene after any treatment. For Fagopyrum esculentum L., antioxidant activity was observed, too, only by DPPH and BCLM methods. Thermal treatment causes decreasing activity by DPPH method and by BCLM method only for cultivar Pyra; other treatments are roughly without dramatic changes. Tests reveal significant differences between Hordeum vulgare L., cultivars Dětenický Kargyn, Jubilant, KM1910 and Kompakt (Fig. 2b) . Cultivars Dětenický Kargyn and Jubilant had relative stable antioxidant activity as determined by DPPH and BCLM methods. From two cultivars of Triticum aestivum L., the cultivar Ines had relatively high and stable antioxidant activity (determined by all three methods) that increased by all kind of treatments. High antioxidant activity of untreated grain extracts was observed for Avena sativa L. cultivar Sirene and Fagopyrum esculentum L. cultivar Bogatýr extracts, but all three types of treatments decreased the antioxidant activities in both samples. On the opposite, treatments increased antioxidant activities generally in some samples, especially in oat cultivar Maris Oberon, wheat cultivar Ines, or partially in extracts from barley cultivars Kompakt (basic treatment) and Jubilant (acidic and basic treatments).
Gene banks and pedigree sources offer only basic information about concrete tested crops. Obtained data are incomparable with others, because antioxidant activity as well as any other property is typical feature of a given crop, moreover, different for each year, growing under specific environmental conditions. For this reason, this study has been conducted as a self-comparable study of 133 crops in a primary collection.
Antioxidant activity mostly relates to total polyphenol/flavonoid content. However, it is not a rule, e.g., avenanthramides from oat are understand as nitrogen analogues of polyphenols (Peterson et al. 2002; Fagerlund et al. 2009 ), lignans (Čukelj et al. 2011 ) and probably others, still unknowns. Thermal, acidic, or basic treatments do not change antioxidant expression or they could initiate changes in antioxidant activity of the tested crop grain extracts (Vadivel & Biesalski 2011) . The lack of the antioxidant activity (decreasing value of % rel ) could result in destruction of the key compounds responsible for antioxidant effect (Friedman & Jürgens 2000) . On the other hand, the increased activity (increasing value of % rel ) could be caused by, for example, flavonoids conversion to analogical and more effective chalcons via B ring opening (Dziedzic & Hudson 1983 ) and hydrolysis and releasing of the aglycons from glycosidic forms. It is generally well known that aglycons are more effective than corresponding glycosides (Kähkönen & Heinonen 2003) . Taking into account, particular antioxidant activities seem to be a typical property of specific compounds present in grains of cereals or pseudocereals. The thermal-treatment effects on the antioxidant property of extracts from cereal and pseudocereal grains were published relatively poorly. Nevertheless, there are several papers especially on wheat (Wende et al. 2007; Randhir et al. 2009 ), confirming that thermal processing (although in each paper differently), led to conservation or a slight increase of the antioxidant properties, probably due to releasing of the aglycons from glycosidic stores.
Based on the achieved results it can be concluded that significant differences in expressed antioxidant activities among tested cereals and pseudocereals grain extracts by all applied methods have been observed. The selection of particular crops for bakery and cereal products manufacture should be supported by arguments from the screening results. The information about stability of the antioxidant properties by different mechanism is a contribution to a new selection methodology, especially for a decision concerning the crops that should be selected for functional food and beverages and how to increase the antioxidant activity of cereal products. 
